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(54) Adaptive data rate TDMA/CDMA communications system 



(57) Method and apparatus for adapting a rale of 
communicating data via digital user signals communi- 
cated on a communication link in a digital mobile com- 
munication system 

The rate of communicating data via user signals 
communicated on a communication link between a 
transmitting and a receiving station in a TDMA/CDMA 
digital mobile communication system is adapted by 



selecting at least one spreading bctor and a number of 
time slots according to the required rate of comnumicat- 
ing data and the receiving capabilities concerning the 
TDMA/CDMA feature. An appropriate number of 
sequences of bits of the user signal Is allocated to at 
least one time slot. The sequences are spread individu- 
ally and arranged for a burstwise transmission of a 
transmit signal. 
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Description 

Method and apparatus for adapting a rate of com- 
municating data via digital user signals communicated 
on a communication linl^ in a digital mobile communica- s 
tion system 

Reld of the invention 

The present invention relates to a method and an io 
apparatus for adapting a bit rate of a communication link 
in a digital mobile communication system. 

Digital mobile communication systems conprise a 
plurality of base stations distributed in a way to cover 
the area of interest and to form a cellular network. The is 
base stations are linked to a switching network which 
may connect the mobile communications system to a 
public switched telephone network (PSTN) or any other 
network. The base stations establish comnunication 
links to mobile stations which move freely inside the 20 
mobile communication system and will be handed over 
to an other base station In case they leave the present 
cell. 

A radio interface with frequency channels for user 
signals transmitted from a transmitting station to a zs 
receiving station forms the communication link between 
a mobile station and a base station. The communication 
links in the communication system allow the exchange 
of any digital data and/or speech data. 

In order to separate the user signals on the radio so 
interface TDMA (time division multiple access), FDMA 
(frequency division multiple access) or CDMA (code 
division multiple access) technkjues are used. The well 
known GSM (global system for mobile communications) 
system uses TDMA/FDMA and e.g. the IS-95 system 35 
uses CDMA/FDMA. 

A future mobile communication system may use an 
other combination of the multiple access technk:|ues. 
From T.Ojanpera, K.Rikkinen, H.HakWnen, K.Pehko- 
nen, A. Hottinen and J.Lilleberg, .Design of a 3rd gener- 40 
ation multirate CDMA system with multiuser detection, 
MUD-CDMA", Proceedings of the 1996 IEEE 4th Inter- 
national Symposium on Spread Spectrum Technques 
and Applications, Mainz, 1996, p.334-338, a proposal 
for a CDMA/FDMA system is known which introduces 45 
variable spreading gains to achieve variable bit rates of 
the communication links. This proposal does not fit with 
the GSM system infrastructure because soft handover 
and fast power control are required for the proposed 
system. so 

Objective of the inyaition 

An objective of the present invention is therefore to 
identify a mettiod and an apparatus for adapting a rate 55 
of communicating data via digital user signals of a com- 
munication link in a digital mobile communication sys- 
tem without requiring soft handover and fast power 



control. The objective is achieved by the mettiod 
according to Patent Claim 1 and the apparatus accord- 
ing to Patent Claim 8. 

Disclosure of ttie invgntipn 

According to ttie invention, a communication link 
between a ti^smitting and a receiving station for digital 
user signals is set up in a TDMA/CDMA digital mobile 
communication system. The digital iser signals are 
separated from user signals communicated on other 
comnujnication links by indivklual spreading codes 
and/or different time slots. In order to adapt a rate of 
communicating date on said communication link tiie 
method comprises ttie steps: 

- selecting at least one spreading factor and a 
number M of time slots according to ttie required bit 
rate and ttie receiving capabilities, ttie spreading 
factor being representative of a number of chips of 
a spreading code and M being representative of a 
nuni}er of time slots of ttie communication link, 
forming at least one indivklual spreading code with 
chips in accordance witti ttie selected at least one 
spreading factor, 

- allocating sequences of bits of the user signal to ttie 
selected at least one time slot, 

- spreading ttie sequences of bits individually in 
accordance with ttie spreading code, 

- forming a t'ansmit signal by combining ttie 
sequences allocated to the at least one time slot, 
and 

arranging for burstwise b'ansmission of the transmit 
signal. 

This fexible adaption of ttie bit rate facilitates ttie 
inta'oduction of a future digital mobile communication 
system, like UMTS (Universal Mobile Telecommunica- 
tion System) or FPLMTS (Future Public L^nd Mobile 
Telecommunications System). 

Further advantageous characteristics are subject of 
ttie dependent claims. 

The mettiod according to ttie invention is advanta- 
geously developed in such a manno' ttiat, during a com- 
munication a request for a new bit rate is signaled, and 
ttie number of time slots M or ttie spreading factor Q of 
ttie communication link is updated for a receiving station 
witti only TDMA capability or CDMA capability, respec- 
tively. For a receiving station witti botti TDMA and 
CDMA capability, ttie number M of time slots and/or ttie 
spreading factor Q can be updated. Based on ttie 
knowledge of the individual capabilities of ttie mdale 
stations an update of the radio interfece parameters (M, 
Q) for any communication link is performed in order to 
achieve the new bit rate. 

The receiving station can recognize ttie parameter 
change, but advantageously ttie number of ttie time 
slots M and/or the new spreading factor Q is signaled to 
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the receiving station. 

The spreading factor is set to 1 in case a station 
with only TDIVIA capability is served. By doing so a 
TDMA/FDMA transmission is achieved. This fadiitates 
a reduction in the amplitude variations of the transmitted 
signal. 

In addition to allocating more time slots M or 
smaller spreading feictors Q to a communication link, it 
is also possible to allocate two or more spreading codes 
to a user, so that the bit rate for this user is further 
increased. By combining all these methods a very flexi- 
ble communicaton system is estEd)lished which allows a 
gradual adaption of the bit rate according to the required 
service so that the resources of the radio interface are 
not wasted. 

According to a further refinement of the invention, 
all chips are of equal duration. This allows a fixed clock 
frequency to be applied for spreading all the communi- 
cating signals so that transmission ami rec^ion of 
these signals is facilitated. 

Brief Description of the Drawings 

The invention will now be illustrated more detailed, 
with reference to a prefered but not limiting embodiment 
together with the enclosed drawings, wherein: 

figure 1 represents a general view of a digital 
mobile communication system, 

figure 2 descrBjes a frame and burst structure of 
a TDMA/CDMA digKal mobile communi- 
cation system, 

figure 3 describes a frame and burst structure 
with communication links of differoit bit 
rate, 

figure 4a,b describes a burst structure with different 
bit rates, 

figure 5 describes a frame and burst structure 
with different spreading factors, and 

figures represents a general view of a base sta- 
tion. 

The digital mobile communication system accord- 
ing to Fig. 1 comprises a mobile switching center MSC 
in which an inter-working unit IWF is integrated in order 
to implement an interface to a public switched telephone 
network PSTN. A split of the digital mobile communica- 
tion system into regional sectors is achieved by way of a 
plurality of mobile switching centers MSC each of which 
is associated with a regional sector, and which are net- 
worked to each otiier, within each regional sector, a 
mobile switching center MSC is linked to base stations 
BS via base station controllers BSC. 



Each base station BS serves an Individual cell. The 
digital mobile communication system has a cellular 
structure wherein hierarchical cells (macro, mcro. pico 
cells) are served by one or different base stations BS. 

5 The links between ttie individual fixed components 
MSC, BSC, BS of the digital mobile communication sys- 
tem up to and including the base station BS are nor- 
mally produced by lines. This structure of a digital 
mobile communication system is illustrative of a possi- 

10 Ue environment in which a radio interface shortiy to be 
descrbed may be used. Another function split between 
different system components may also be chosen. 

The structure of ttie digital ntobile communication 
system shown in Rg. 1. serves to provide communica- 

is . tion of a plurality of mobile stations MS. These mobile 
stations MS are linked to tiie base stations BS via a 
radio interface, ttiereby providing ttie mobile stations 
MS witti a facility for mobile communication. The base 
station BS operate to provide radio communications 

20 within a radio coverage associated with a cell . However, 
as a rule ttie base station BS may provide radio cover- 
age beyond ttie cell boundary area associated with an 
individual base station BS. 

The radio interface between a particular base sta- 

25 tion BS and ttie ttiree mobile stations MS according to 
Fig. 1 is typically distorted by a multipatti propagation, 
which resultes in interferences between taransmitted 
symbols and by interference from user signals of differ- 
ent communication links. The following will describe the 

30 radio interface of the downlink, ttie link from ttie base 
station BS to ttie mobile stations MS. The uplink is 
formed in a equivalent way and can employ ttie same 
tansmitting scheme. 

An operation and maintenance center OMC is con- 

3S nected to a base station controller BSC and fulfills oper- 
ation and maintenance funcb'ons for the base station 
controller BSC and the base stations BS linked to tills 
base station conti'oller BSC. Information about tauKs 
and ttie traffic load of ttiese components are provided to 

40 ttie operation and maintenance center OMC so ttiat ttie 
operator will be warned. Whenever possible, the system 
adapts its configuration so as to provide continuous 
operation. The base station controller BSC performs 
radio processing functions, local call processing func- 

45 tions, local safeguarding and (deration and mainte- 
nance functions. A major task is the nuinagement of the 
radio resources of ttie base stations BS. The base sta- 
tion controller BSC controls the base station BS to allo- 
cate ttie radio resources to ttie mobile stata'ons MS and 

so ttieir user signals. 

In Rg. 2, ttie frame and burst staijcture of ttie radio 
interface of a TDMA/CDMA communication system is 
shown. A TDMA user separation is established by a 
nurriber of time slots ts. As an exemple 8 time slots form 

55 a frame. Each user signal is transmitted in one or more 
time slots ts. The bandwitti B of ttie radio interface refers 
to a broa(ft)and frequency channel of e.g. 1,6 MHz for 
each time slot ts. An additional FDMA component may 
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be introduced allocating more than one frequency chan- 
nel to a particular base station BS. 

It is possible to allocate two or more user signals to 
a time slot ts by using a CDMA user separation. A 
number of user signals can be transmitted in a single 
time slot ts which are separated by different CDMA 
codes c (spreading codes). 

A transmitted burst consists of two half bursts with 
data symbols d which are separated by a training 
sequence tseql , tseq2,..,tseqK. The training sequences 
tseql, tseq2,..,tseqK are specific for the K signals and 
are used for channel estimation. They are not necessar- 
ily requred for the implementation of the invention. A 
guard period gp at the end of the burst prevents possi- 
ble collisions between data symbols d of succesive 
bursts, as a result of different path lengths between 
mobile stations MS and base station BS caused by 
multi-path propagation with different signal delays. 

The CDMA codes c consist of chips of constant 
length Tchp wherein Q chips spread one data symbol of 
duration T^y^. The CDMA codes c are also known on 
the receiver side so that despreading and user separa- 
tion can be performed. 

Refening to Rg. 3, an exanple of a state of the art 
allocation method for the radio resources is shown in 
order to ensure variable bit rates for different communi- 
cation links according to a user specific need. 

Time slot 1 and one CDMA code are assigned to 
user signals of user 1. Time slots tsl to ts4 with one 
CDMA code and time slot ts6 with 8 CDMA codes are 
assigned to user signals of user 2 and 3 respectively. 
For user 4 a mixed assignment is chosen comprising 
time slot ts4 with 2 CDMA codes, time slot ts5 with 1 
CDMA code and time slot ts8 with 4 CDMA codes. The 
more time slots ts and the more CDMA codes are 
assigned to a user, the higher the possible data commu- 
nication rate (bit rate) for this user. 

An alternative solution is a variation of the spread- 
ing factor Q according to Fig. 4a and 4b. A constant chip 
duration Tch^ is assumed. The number of chips per data 
synixjl d is adapted for a double bit rate conpared to 
Fig. 2 by using a spreading factor of Q'=Q/2 . If the 
spreading factor (number of chips per symbol) is fixed at 
Q'=2Q the bit rate is halved. Since the burst duration 
and the chip duration T^hp are constant, the doubling or 
halving of the number of data symbols d per haHburst is 
equal to a variation of the bit rate. 

Rg. 5 shows an example of the flexO^le bit rate 
adaption according to the invention. There are six differ- 
ent spreading tectors from 1 to 16 in use in this exam- 
ple. The spreading factor Q, Q', Q^Q^.Q-'.Q"" is no 
longer constant for all the time slots ts1 to ts8 but 
adapted to supply the need of individual comnrunication 
links. The spreading factor Q, Q', Q",Q"',Q"",Q"" can be 
different for different time slots ts or can be different for 
the user signals within one of the time slot tsl to ts8 of 
a frame or both. This method, i.e. the use of variable 
spreading factors Q, Q', Q'.Q'", Q"", Q'"". can also be 



combined with the above-mentioned method of allocat- 
ing different numbers of CDMA codes c and/or time 
slots ts to a user. 

The flexibility of the digital mobile communication 

s system is enhanced since even non CDMA mobile sta- 
tions MS can be served by using a spreading factor 
Q'<i1. see time slots ts2, ts7, tsS. A further degree of 
freedom is introduced in a TDMA/CDMA digital mobile 
comnwnication system associated with communication 

10 at different bit rates in combination with adapting to a 
change in the radio prqsagation environments. An 
increase of the spreading factor Q oon-esponds to an 
increase of energy with which the information is trans- 
rratted. With an increase of energy it is possUe to 

IS achieve a better interference suppression. 

The above described method is implemented in a 
base station BS shown in Fig. 6. The base station BS 
comprises signalling means SM, control means SE, sig- 
nal processing means SP and transmission means HF. 

20 The signal processing means SP, e.g. a digital sig- 
nal processor operates to receive user signals from dif- 
ferent communication links from the network via the 
base station controller BSC for communication to the 
mobile stations MS. The user signals have to be trans- 

25 mitted to the mobile stations MS. Additionally, signalling 
information is received which is processed by the sig- 
nalling means SM, e.g. in order to detect requests for 
new bit rates for the sender w^hich is connected via ttie 
network. The signalling means SM also supply the 

30 receiving station with relevant information about the 
used spreading factor and/or number of time slots 
depending on the required bit rate. 

Control means SE, e.g. a digital processor with a 
memory device operates to process actual Infbrmab'on 

35 about the sprea(fingtactorsQ,...,Q'^, the CDMA codes 
c, and the number M and position of time slots ts allo- 
cated to each communication link. The control means 
SE operates to receive iqadated information conceming 
ttiese parameters from tiie signalling means SM and 

40 controls ttie signal processing means SP in order to 
form tiie appropriate burst structure. 

Communication of signalling information from and 
to the mobile stations MS is effective to determine ttie 
required bit rate and ttie operating capabilities of ttiese 

45 nwbile stations MS with regard to the capability of these 
mobile stations MS to operate witti TDMA/CDMA fea- 
tures. The individual capability of each mobile station 
MS is stored eittier in ttie base station BS or ttie base 
station contiDller BSC after this capability has been sig- 

50 naled. The control means SE operates to select a 
parameter set (Q, M) in accordance witti ttie required bit 
rate and the transmitting and receiving operating capa- 
bilities of ttie mobile station MS. The conttol means SE, 
furttier operates to allocate sequences of bits of ttie 

65 user sigrals to M time slots tsarKl form the Q individual 
spreading codes c. A communication can use two or 
more spreading codes c in order to increase ttie bit rate 
of the transmission. 
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The signal processing means SP processes the 
parameters (Q, M, c) and the user signal to be transnvt- 
ted and spreads the sequences of bits with the chips. 
The spread user signals are received by the transmis- 
sion means HF which fonns a transmit signal, by com- 5 
bining the different sequoices. After digital/analog 
conversion, filtering and power amplifying the transnvt 
signal is transmitted in a burstwise manner. 

A receiver in the receiving mobile station MS cont- 
prises equivalent components so that the received sig- 10 
nals can be converted to a base band representation, 
sarrpled, analog/ digital converted, despread and the 
bits of the sequences detected. Well known JD (Joint 
Detection) techniques can be enployed. For the uplir^ 
a corresponding transmission method may be is 




1 . Method for adapting a rate of comnunicating data so 
via digital user signals communicated on a commu- 
nication link between a transmitting (BS) and a 
receiving station (MS) which user signals are sepa- 
rated from signals communicated on other commu- 
nication links by individual spreading codes (c) 25 
and/or different time slots (ts) in a TDMA/CDMA 
digital mobile communication system, 

comprising the steps of: 

- selecting at least one spreading factor (Q... 30 
Q""0 and a nurrd>er M of time slots (ts) accord- 
ing to the required bit rate and the receiving 
capabilities, the spreading factor (Q... Q"l 
being representative of a number of ch'ps of a 
spreading code and M being representative of 35 
a number of time slots (ts) of the communica- 
tion Knk, 

- forming at least one individual spreading code 
with Q,.. Q*^ chips in accordance with the 
selected at least one spreading factor (Q,.. 40 

on. 

• allocating sequences of bits of the user signal 
to the selected at least one time slot (ts), 

- spreading the sequoices of bits individually in 
accordance with the spreading code, 4S 

- forming a transmit signal by combining the 
sequences allocated to the at least one time 
slot (ts), and 

- an'anging for burstwise transmission of the 
transmit signed. so 

2. Method according to daim 1 , comprising the step of 
signalling receiving capabilities concerning the 
TDMA/CDMA feature between the two stations 
(BS, MS) before selecting the at least one spread- 55 
ing factor (Q,.. 0"'^ and the at least one time slot 
(ts). 



3. Method according to daim 1 or 2, wherein 

during a communication a request for a new bit 
rate is signaled, and 

for a receiving station (MS) with only TDMA 
capability the number M of the time slots (ts) of 
the communication link are updated and for a 
receiving station (MS) with CDMA capability 
the spreading factors (Q, Q', are updated. 

4. Method according to daim 3, wherein 

the new number M of the time slots (ts) and/or 
the new spreading factor (Q,.. are sig- 
naled to the receiving station (MS). 

5. Method according to daim 3 or 4, wherein 

the spreading factor (Q,.. Q""") for a station 
(MS) with only TDMA capability is set to 1 . 

6. Method according to one of the previous daims, 
wherein 

two or more spreading codes are allocated to a 
user, so that the rate of communicating data for 
that user is further increased. 

7. Metiiod according to one of ttie previous daims, 
wherein 

all the chips are of equal duration. 

8. Apparatus (BS) in a TDMA/CDMA digital mobile 
communication system, 

with signalling means (SM) for 

- recognizing receiving capabilities concerning 
the TDMA/CDMA feature of a mobile station 
(MS), 

with control means (SE) for 

- adapting a rate of communicating data via dig- 
ital user signals communicated on a communi- 
cation link to the mobile station (MS) w^ich are 
separated from other user signals individual 
spreading codes and/or different time slots (ts) 

- selecting at least one spreading factor (Q,.. 
Q'n and a number M of time slots (ts) accord- 
ing to the required rate of conununicating data 
and the receiving capabilities, 

- fonning at least one irK£vidual spreading code 
with Q... Q"" chips, and 

- allocating sequences of bits of the user signal 
to at least one time slot (ts), 

with signal processing means (SP) for 

- spreading the sequences of bits individually, 

- forming a transmit signal by combining the 
sequences allocated to the time slot (ts). 
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with transmission means (HF) tor 
- aranging for burstwise transmission of the 
transmit signal. 

9. Apparatus (BS) according to claim 8, wherein 5 

the signalling means (SP) communicates infor- 
mation to the control means (SE) representa- 
tive of a request for a new rate of 
communicating data, and wherein io 
the control means (SE) operates to update the 
numt>er M of time slots (ts) of the communica- 
tion Wrk for a mobile station (MS) with only 
TDMA capability or update in addition the 
spreading factors (Q... Q"*") for a mobile station is 
(MS) with CDMA capability. 

10. Af^saratus (BS) according to claim 8 or 9, wherein 

the signalling means (SP) conununicates infbr- so 
mation to the mobile station (MS) representa- 
tive of a new number M of time slots (ts) and/or 
a new spreading factors (Q,.. CT") to be used 
for the communication link. 

25 

11. Apparatus (BS) according to one of the claims 8 to 

10, wherein 

the control means (SE) allocates the number M 
of time slots (ts) and the new spreading tactors 3o 
(Q,.. Q'n for different convnunication links so 
that an overall rate of communicating data 
between the base station (BS) and the mobile 
stations (MS) is maximized. 

35 

12. Apparatus (BS) according to one of the claims 8 to 

11, with signalling means (SM) for supplying the 
receiving station (MS) with relevant information 
about a spreading factor (Q... Q"^ and/or a number 

of time slots (ts) depending on the required bit rale. 4o 



so 
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Fig.3 
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